Abstract. Elastic-plastic finite element model of high strength aluminum alloy plate with long and short penetrating cracks in the center was built. Based on the model, tension and compression loading simulation was conducted. The analysis shows that the compressive stress has a significant effect on the crack tip plastic zone and fatigue crack propagation.
Introduction
Dynamic crack propagation is an extremely complex process. The main idea of the Laird-Smith crack propagation model is that subcritical expansion of the crack tip is a repeated sharpening and passivating process of the crack tip. Because of the crack tip plastic deformation, crack propagation velocity is corresponding to the plastic zone size of the crack. Pearson [1] found that propagation of short fatigue crack is faster than that of long fatigue crack under the same stress intensity factor. From then on, factors affecting the short crack propagation behavior were reported at home and abroad by a large number of papers, but the effect of compressive stress on fatigue crack growth under tension compression loading was rarely reported.
For a long time, it has been considered that compressive stress has no effect on crack propagation and the crack is closed when the load is zero [2] . But Pommier [3, 4] and others observed that pressure load on N18 super-alloy (super heat-resistant alloy) has a strong effect on fatigue crack growth rate. They attribute this behavior to the plastic material properties. Silva [5, 6] found that the compressive stress part of several materials in fatigue loading cycle plays an important role in the fatigue crack propagation [7] . In this paper, the elastic-plastic finite element method is used to study the compressive stress of crack tip plastic deformation and the influence on fatigue crack propagation. Therefore, some results are obtained.
Finite Element Model

Geometric Part of the Model
As shown in Figure1, the high strength aluminum alloy plate with two penetrating cracks in the center was selected in this experiment. ANSYS software was used to establish a finite element model of short and long crack respectively and loading test analysis was conducted. Because the center through crack plate (CCP) specimen is symmetrical and the propagation of the crack geometry change was located in the vicinity of the crack propagation, part of the crack propagation zone was analyzed to reduce the calculation. Moreover, symmetric boundary conditions were used and 1/4 of the specimen was selected to reduce the units of the model.
Determination of the type is very important to finite element analysis. The selection of unit type not only affects the reasonable division of the grid, but also greatly influences the precision of the solution. Therefore, degenerate solid95 unit division is used in the crack body part and the middle unit node is moved to the 1/4 point (in this way, the stress field near the crack tip is singular). 
Theoretical Basis of the Model
Finite element analysis can use a simple method to solve the complicated problem. In the analysis of the crack tip compressive stress on crack propagation zone, after establishing a finite element model of short and long crack tip respectively, determining the unit, defining load, constraint and the new direction of crack propagation and extension , the new position of the crack tip can be calculated. Through the finite element mesh of the point, new crack and crack tip are simulated, the results (deformation history) of previous analyzed stress and deformation are mapped to a new grid and the finite element model is updated [8] .
Mesh of the Model
According to the load condition during the actual loading process, finite element simulation of the stress field, relevant status and various parameters of the specimen are analyzed. As shown in Figure2, a quarter of the crack specimen is selected; the grid size near crack tip plastic zone size is far less than that of theoretical plastic zone. This method can satisfy the precision of the one unit and the two unit. In order to simplify the calculation, the one unit is used in the experiment. 
Test Specimen
Material Properties
In the experiment, the Young's modulus E of the material is 70045MPa. The yield limit σ s is 353MPa. The tensile limit δ0.2 is 462MPa. The hardening exponent n is 0.06. In the analysis, the center crack length is 2a (the value of a can be evaluated according to the actual calculation). The stress-strain curve of the material is shown in Figure 3 . 
Boundary Conditions
In the simulation test, only 1/4 of the crack specimen is selected and its displacement of rigid body must be constrained. Therefore, as shown in Figure4, the rigid body motion of aluminum alloy plate does not appear unexpectedly when applied tensile stress. 
Test Conditions
The crack length used in the finite element calculation is different in the loading process. The analysis requires long and short crack test at the same intensity factor ∆K. Short crack length is 0.1mm and long crack is 2mm. According to the formula π σ a K = ∆ [9, 10] ,the σ of the loading process for each crack must be different. In analysis, the given pressure min σ is -208MPa.The maximum of intensity factor max K is 1.65MPa·m 1/2 .
Experimental Data Analysis Calculation Results and Analysis
The compressive cyclic loading(R < 0) and the cyclic loading(R = 0) are used in Figure5 and Figure6, respectively. In this paper, the 0.1 mm crack is compared with the 2 mm crack for analysis. According to the experimental data ,the change trends of plastic zone size of long and short cracks at different loading history time points (R<0 and R=0) are obtained. As shown in Figure7 and Figure8, a ~ n represents each time point in the loading history. As shown in the Figure7, crack plastic area of long and short cracks is zero at point a. With the increase of tensile stress, when the maximum tensile stress arrives at point b, the crack tip plastic area of the 0.1 mm crack is bigger than that of the 2 mm crack. With the decrease of tensile stress (b ~ c), the plastic area size decreases. When the tensile stress decreases to a certain value (one point in b ~ c), the plastic area disappears. But as the tensile stress reduces, a new plastic area appears again (before c). This is the reverse plastic zone. At this time, as the tensile stress increases, the plastic area continues to increase. When cracks come into the pressure loading part at the point c, the reverse plastic area size of 0.1 mm is larger than that of 2 mm. With the increase of compressive stress, all crack tip plastic areas increase, and the crack plastic area of 0.1mm will be larger than that of 2mm. When compressive stress reaches the maximum, the plastic area reaches the maximum.
And with the decrease of the compressive stress, reverse plastic zone decreases rapidly. When the compressive stress decreases to a certain value, the reverse plastic zone disappears. The shaping area is back to zero in a cycle at the point e. In the next cycle, plastic area changes are the same with the above.
As shown in the Figure8, 0.1 mm crack in the crack tip plastic zone is bigger than 2 mm crack in the condition of maximum tensile stress. At the same time, when the loading is zero, reverse plastic zone is larger. Because there is no compressive stress, the plastic area produced by the tensile stress in the second cycle is affected by the residual plastic area in the first cycle and the plastic area of the point l is not zero. The reverse plastic zone in the first cycle decreases to disappear in the second cycle with the increase of tensile stress. Then the plastic zone appears again with the increase of tensile stress. At this time what has been produced is not reverse plastic zone .It is not actually generated by the residue in a former cycle but it is newly generated. However, the plastic area in the maximum tensile stress is the same with that in the loading situation of R < 0. A comparison between the 0.1 mm and 2 mm crack indicates plastic zone of the short crack is slightly larger than that of the long crack in each section under the same ∆K condition.
Theoretical Analysis
As shown in the Figure6, under the condition that the specimen is only affected by the cyclic tension stress, the crack tip undergoes elastic deformation before plastic deformation in a tensile stress cycle. When tensile loading reaches the maximum and tends to decrease, reverse plastic zone begins to form. The reverse plastic zone is caused by Residual plastic deformation of tensile load to other regions. When tensile stress reduced to zero, plastic zone caused by plastic deformation doesn't disappear. As shown in the Figure7 and Figure8, the plastic deformation zone near the 0.1 mm tip is larger than that near the 2 mm tip.
When entering into the next tensile stress cycle, the tensile stress will firstly overcome the residual stress in the reverse plastic zone of last cycle. And according to Laird-Smith model, when the tensile stress is maximum, the crack tips get plasticity passivation.
As shown in Figure5, under the condition that the specimen is affected by tension-compression cyclic stress, the reverse plastic zone will increase with the increase of pressure load when tensile stress reduced to zero in the first cycle. When pressure load reaches the maximum point d, reverse plastic zone reaches the maximum. In d~e section, compressive stress decreases and reverse plastic zone disappears. In Figure7 and Figure8, compressive stress promotes the growth of reverse plastic zone and accelerates the extension of crack. With the constant circulation of tension and compression load, the crack tips continuously carry out the process of open passivation and closed sharpening, which aggravates the extension of the crack.
Conclusion
(1) In a period of tension and compression, when the tensile loading is zero, the reverse plastic zone appears and the residual stress exists at the crack tip.
(2)The reverse plastic zone of the crack tip increases with the increase of the compressive stress, and the peak value of the compressive stress determines the size of the plastic zone.
(3) The compressive loading promotes the crack propagation rate. (4) The effect of compressive loading on short crack is larger than that of long crack.
